common procedure performed during inpatient hospitalizations. 1 In 2012, The Joint Commission concluded their National Summit on Overuse and identified red blood cell
KEY POINTS
• Question: Does a lower discharge hemoglobin level affect 30-day readmission rates in patients undergoing coronary artery bypass grafting? • Finding: A discharge hemoglobin below the institutional mean for patients undergoing coronary artery bypass grafting did not result in increased 30-day readmission rates except in patients discharged with hemoglobin levels <8 g/dL.
• Meaning: Further studies are needed to determine if lower discharge hemoglobin levels increase 30-day readmission rates, especially in patients discharged with hemoglobin levels <8 g/dL.
BACKGROUND: Restrictive transfusion strategies supported by large randomized trials are resulting in decreased blood utilization in cardiac surgery. What remains to be determined, however, is the impact of lower discharge hemoglobin (Hb) levels on readmission rates. We assessed patients with higher versus lower Hb levels on discharge to compare 30-day readmission rates after coronary artery bypass grafting (CABG).
METHODS:
We retrospectively evaluated 1552 patients undergoing isolated CABG at our institution from January 2013 to May 2016. We evaluated 2 Hb cohorts: "high" (above) and "low" (below) the mean discharge Hb level of 9.4 g/dL, comparing patient characteristics, blood utilization, and clinical outcomes including 30-day readmission rates. We further evaluated the effects of the lowest (<8 g/dL) discharge Hb levels on 30-day readmission rates by dividing the patients into 4 anemia cohorts based on discharge Hb levels: "no anemia" (>12 g/dL), "mild anemia" (10-11.9 g/dL), "moderate anemia" (8-9.9 g/dL), and "severe anemia" (<8 g/dL). Risk adjustment accounted for age, sex, Charlson comorbidity index, preoperative comorbidities, revision sternotomy, and patient blood management program implementation. RESULTS: The "high" and "low" groups had similar patient characteristics except for Hb levels (mean discharge Hb was 10.4 ± 0.9 vs 8.5 ± 0.6 g/dL, respectively). Notably, no evidence for a difference in 30-day readmission rates was noted between the "high" (76/746; 10.2%) and "low" (97/806; 12.0%) (P = .25) Hb cohorts. The 4 anemia cohorts had differences in age, revision sternotomy incidence, Hb levels, certain patient comorbidities, and time to readmission. On multivariable analysis, the risk-adjusted odds of readmission in the "low" Hb cohort (odds ratio, 1.16; 95% confidence interval, 0.84-1.61; P = .36) was not significant compared to the "high" Hb cohort. Compared to patients with discharge Hb ≥8 g/dL, patients with Hb <8 g/dL had a higher incidence of readmission (22/129; 17.1% vs 151/1423; 10.6%; P = .036). On multivariable analysis, Hb <8 g/dL on discharge was predictive of readmission (odds ratio, 1.77; 95% confidence interval, 1.05-2.88; P = .03). The most common reason for readmission was volume overload, followed by infection and arrhythmias. CONCLUSIONS: A discharge Hb level below the institution mean for CABG patients does not provide evidence for an association with an increased 30-day readmission rate. In the small number of patients discharged with Hb <8 g/dL, there is a suggestion of increased risk for readmission and larger more controlled studies are needed to verify or refute this finding. (Anesth Analg 2019;128:342-8)
Discharge Hemoglobin Level and 30-Day Readmission Rates After Coronary Artery Bypass Surgery (RBC) transfusions as 1 of the top 5 overused practices in US hospitals. 2 Due in part to reports like these and in conjunction with numerous trials that associate restrictive transfusion practices with either the same or improved clinical outcomes, patient blood management (PBM) programs have been implemented in hospitals nationwide with the goal to reduce unnecessary RBC transfusions. [3] [4] [5] [6] [7] The current AABB (formerly the American Association of Blood Banks) evidence-based recommendations for RBC transfusion include adherence to a hemoglobin (Hb) trigger of 7 g/dL in hemodynamically stable, adult hospitalized patients, and a Hb trigger of 8 g/dL in patients undergoing orthopedic or cardiac surgery or in patients with underlying cardiovascular disease. They also recommend the administration of a single-unit RBC transfusion followed by reassessment as standard of care for patients who are hemodynamically stable and not actively bleeding. 8 There are now at least 11 randomized controlled trials (RCTs) that have compared restrictive versus liberal RBC transfusion strategies, including 5 that were done in the setting of cardiac surgery. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] While the results of these trials have been almost universally in favor of a restrictive approach, the practice could potentially lead to unintended consequences. Notably, the RCTs mentioned above did not include readmissions as a measured outcome. To date, the effect of patients being discharged with lower Hb levels as a result of restrictive transfusion protocols has not been fully evaluated, and of particular interest is the impact on hospital readmission rates after discharge. To our knowledge, only 1 study has reported the relationship between Hb levels and readmissions after cardiac surgery, which was a retrospective analysis by Shehata et al 20 reporting that anemia on discharge did not increase readmissions. With the goal of confirming or refuting these results, we conducted a retrospective study assessing the relationship between discharge Hb levels and 30-day readmission rates after coronary artery bypass grafting (CABG). We tested the hypothesis that lower Hb levels, within the range of our normal practice, are not associated with increased readmissions. Furthermore, we evaluated if there is a lower limit at which there is an increased risk of unplanned, 30-day readmissions.
METHODS

Patient Identification
After institutional review board approval and determination that the requirement for written informed consent was waived by the institutional review board, data were obtained from our database designed to assess blood utilization and clinical outcomes at Johns Hopkins Hospital. All patients undergoing isolated CABG from January 2013 to May 2016 were identified from the database. Patients undergoing CABG in combination with other cardiac procedures such as valve repair or replacements, patients with missing admission or discharge Hb data, and patients with in-hospital deaths were excluded from the study. Given prior experiences with outcome studies, we chose the sample size based on data availability and previous outcome incidences. The mean Hb at discharge was calculated for the entire cohort and individual patients were divided into those with Hb levels above ("high") or below ("low") that value. Patients were also divided into 4 anemia cohorts based on Hb levels at discharge: "no anemia" (≥12 g/dL), "mild anemia" (10-11.9 g/dL), "moderate anemia" (8-9.9 g/dL), and "severe anemia" (<8 g/dL). Of note, a formal PBM program was initiated in January 2015, the details of which have been previously reported. 21 
Outcomes of Interest
The primary outcome for this study was all-cause, 30-day readmission. Secondary outcomes included length of stay (LOS) and a composite postoperative morbidity defined as having one or more hospital-acquired conditions. Hospital-acquired conditions as defined by International Classification of Diseases (ICD)-9 and ICD-10 codes included: (1) infection (Clostridium difficile, sepsis, surgical site infection, or drug-resistant infection); (2) thrombotic events (deep venous thrombosis, pulmonary embolism, or disseminated intravascular coagulation); (3) acute kidney injury; (4) respiratory event; and (5) major ischemic event (myocardial infarction, transient ischemic attack, or cerebrovascular accident). These diagnoses, if present on admission, did not contribute to the secondary outcomes.
Data Collection and Clinical Outcomes
Patient demographics, inpatient laboratory, blood product transfusion, and other relevant clinical data were identified and abstracted from an institutional blood management intelligence portal (Impact Online, Haemonetics Inc, Braintree, MA) that includes all blood components and Hb laboratory values for all inpatients (from admit to discharge). These data are extracted from 3 different computer systems within our medical center and made available through a proprietary, web-based application designed to provide data to assess and optimize PBM. Thirty-day readmission status was derived from the Maryland Health Services Cost Review Commission database. This database included readmission data from all hospitals in the state of Maryland and not just the primary institution. Readmission diagnoses were manually cross-referenced from the institutional electronic health record (Epic, Verona, WI). Relevant clinical outcomes and comorbidities were accessioned from DataMart (Hillsborough Township, NJ).
Assessment of Blood Utilization
For the purposes of this study, the admission Hb was defined as the first chronological measured Hb level for the hospital encounter while the discharge Hb was defined as the last measured Hb. As previously described, the transfusion trigger was defined as the nadir Hb during the hospitalization. 22 Percent of patients transfused for all major blood products (RBC, plasma, and platelets) was assessed for the "high" and "low" discharge Hb groups. Each group was further evaluated to determine the total number of blood product units transfused and the setting of transfusion (ie, intraoperative or whole hospital stay).
Statistical Analysis
All data were processed and analyzed with the software programs Excel, v. 14. analyses were performed to compare the 4 anemia cohorts and "high" and "low" discharge Hb groups for all patient characteristics. Normally distributed variables (ie, age, initial Hb, trigger Hb, and discharge Hb) were assessed using 1-way analysis of variance for the anemia cohorts. The same variables in the "high" and "low" groups were assessed using unpaired Student t tests. Nonnormally distributed continuous variables (ie, Charlson comorbidity index [CCI] and American Society of Anesthesiologists scores) were assessed using Kruskal-Wallis test for the anemia cohorts. The same variables in the "high" and "low" Hb groups were assessed using Mann-Whitney U test. Categorical variables (ie, age ≥65 years, sex, percentage revision sternotomy, and all comorbidities) were assessed using χ 2 tests. Multivariable logistic regression was performed to assess the adjusted relationship between "low" and "high" discharge Hb on our primary outcome (30-day readmissions). Variables included in the multivariable model were determined by clinically relevant patient characteristics and comorbidities. These include age, sex, CCI, PBM program implementation, percentage of patients undergoing revision sternotomy, renal disease, pulmonary disease, and diabetes mellitus. CCI was utilized to measure the burden of disease and case mix. 23 Time period of pre-compared to post-PBM program implementation was included because a shift to a more restrictive transfusion practice could affect the primary and secondary outcomes. Discharge Hb was modeled 3 different ways: "low" Hb cohort compared to "high" Hb cohort, Hb as a continuous variable, and Hb as a dichotomous variable comparing patients discharged with Hb <8 g/dL to those discharged with Hb ≥8 g/dL.
Additionally, a Locally Weighted Scatterplot Smoothing curve comparing 30-day readmission rates and discharge Hb levels was made. Predetermined, explorative subgroup analyses were performed for each group based on age (<65 and ≥65 years). Data are given as mean ± standard deviation or median (interquartile range) as appropriate. P < .05 defined significance (2 sided). With the number of patients included in the analysis and an α level of .05, the available power is 85% to detect a clinically relevant difference in readmission rates (10% vs 15%) between the "high" and "low" Hb cohorts.
RESULTS
The mean discharge Hb for all patients (n = 1552) was 9.4 g/dL, and these were divided into the "high" (n = 746; ≥9.4 g/dL) and "low" (n = 806; <9.4 g/dL) discharge Hb cohorts. The patients were also divided into the 4 anemia cohorts described above: "no anemia" (n = 49, mean discharge Hb 12.7 ± 0.7 g/dL), "mild anemia" (n = 398, mean discharge Hb 10.6 ± 0.5 g/dL), "moderate anemia" (n = 976, mean discharge Hb 9.0 ± 0.6 g/dL), and "severe anemia" (n = 129, mean discharge Hb 7.6 ± 0.3 g/dL). Figure 1A shows the percentage of transfused and nontransfused patients in our patient population and the respective discharge Hb levels. Of note, the majority of our patients-both transfused and nontransfused-were discharged with Hb levels between 7 and 13 g/dL. Figure 1B demonstrates that the "low" and "high" groups had different discharge Hb levels. Table 1 compares demographic data between the "high" and "low" groups and among the 4 anemia cohorts. Supplemental Digital Content, Tables 1-2, http://links. lww.com/AA/C504, compares the 2 groups for patients ≥65 and <65 years of age, respectively. Of note, the older group of patients had a higher percentage of males in the "low" group. Furthermore, the younger group had a higher percentage of patients with CHF in the "low" group when compared to the "high" group. In both age groups, the "low" group had a significantly lower admission, nadir, and discharge Hb compared to the "high" group and is consistent with the results of the entire cohort. When comparing the older patients by anemia cohorts, there was a higher percentage of patients with revision sternotomies in the "severe anemia" cohort. The younger patients in the "no anemia" and "mild anemia" cohorts had a higher incidence of diabetes mellitus while those in the "severe anemia" and "moderate anemia" cohorts had a higher incidence of renal disease.
There was no evidence for a difference in 30-day readmission between the "high" and "low" groups (10.2% vs 12.0%, respectively; P = .25) ( Table 2 ). However, compared to patients with discharge Hb ≥8 g/dL, patients with Hb <8 g/dL had a higher incidence of readmission (22/129; 17.1% vs 151/1423; 10.6%) (P = .036). The "low" group experienced a shorter median LOS (9 vs 8.5 days; P = .003) compared to Figure 1 . Discharge Hb levels and transfusion characteristics. A, The percentage of transfused and nontransfused coronary artery bypass grafting (CABG) patients by discharge hemoglobin (Hb) levels is shown with the vast majority of patients being discharged with Hb levels between 7 and 13 g/dL. There is only slight variability between transfused and nontransfused patients when stratified by discharge Hb levels. B, The percentage of "high" versus "low" cohort CABG patients and discharge Hb levels is shown in the figure. Patients in the "low" cohort are being discharged with lower Hb levels than their "high" cohort counterparts.
the "high" group. In addition, the "high" group had a significantly higher rate of composite postoperative morbidity (52.7% vs 43.8%; P = .0005) compared to the "low" group. While a higher percentage of the "low" group received an RBC transfusion during their hospitalization (68.7% vs 63.7%; P = .04), they received approximately half a unit less per patient (3.0 ± 4.7 vs 3.5 ± 5.7 units; P = .04) compared to the "high" group. Of note, a higher percentage of the "high" group received plasma transfusions (56.0% vs 50.3%; P = .02) compared to the "low" group. There was no difference between groups for percentage of patients who were transfused platelets (50.1% vs 53.0%; P = .26).
When comparing the 4 anemia cohorts, there was a significant difference in the percentage of patients transfused with any type of product among the groups (Table 2 ). Less patients in the "no anemia" cohort were transfused (14/49; 28.6%) (P ≤ .0001). They were also transfused less (1.1 ± 2.4 units) (P ≤ .0001). Furthermore, the time to readmission increased with increasing discharge Hb levels. The "no anemia" cohort had a median time to readmission of 19 days while the "severe anemia" group had a median time to readmission of 7.5 days.
Multivariable analysis adjusted for age, sex, CCI, PBM program implementation, percentage revision sternotomy, renal disease, pulmonary disease, and diabetes mellitus was performed (Table 3 ). There was no significant increase in 30-day readmission rates between the "high" and "low" groups (odds ratio [OR], 1.16; 95% confidence interval [CI], 0.84-1.61; P = .36). Of note, CCI and history of renal disease were independent predictors of increased 30-day readmission rates. The same multivariable analysis was performed with discharge Hb modeled as a continuous and dichotomous variable. When discharge Hb was modeled as a continuous variable, the OR (95% CI) for each g/dL decrease in Tables 3-4 , http://links. lww.com/AA/C504, show patient outcomes for patients ≥65 and <65 years of age, respectively. Of note, there was no difference in rates of 30-day readmission between the "high" and "low" groups in the older (9.7% vs 11.5%, respectively; P = .43) and in the younger (10.7% vs 12.6%, respectively; P = .40). When comparing the older patients by anemia cohorts, those patients in the "no anemia" cohort were transfused less and received fewer RBC units per patient. They also had a slightly lower LOS when compared to the other anemia cohorts. When comparing the younger patients by anemia cohorts, we find similar results in regards to transfusions and RBC units received per patient. Furthermore, the percentage of patients receiving platelet transfusions were less in the "no anemia" cohort, but these patients had a higher percentage of plasma transfusions.
The Locally Weighted Scatterplot Smoothing curve demonstrates the difference in 30-day readmission rates as a function of discharge Hb (Figure 2A ). The figure suggests that patients discharged with a Hb value <8 g/dL had a higher unadjusted rate of 30-day readmissions while those discharged above 12 g/dL may have a lower rate of 30-day readmissions. Of note, there was a plateau in 30-day readmission rates in patients discharged with a Hb level between 8 and 12 g/dL. Figure 2B also demonstrates a higher 30-day readmission rate seen in patients with Hb levels <8 g/dL at discharge when compared to the other Hb cohorts.
The reasons for 30-day readmissions are shown in Table 4 . Pleural effusions and signs of fluid overload accounted for 15% of readmissions, followed closely by surgical site infections (saphenous vein graft site or sternal incision site) at 14.5%. Ischemic heart disease accounted for 3.5% of readmissions. Of note, 16 patients (9.2%) were reportedly readmitted within 30 days, but no official documentation was found in our institutional electronic health records.
DISCUSSION
Based on the results of our study, there is no evidence for an association between patients discharged with lower Hb levels after CABG and readmissions within 30 days of discharge, unless their discharge Hb level was <8 g/dL. In this small group of patients (8.3% of our study population) with the lowest discharge Hb, there was a slight but statistically significant increase in readmissions. Given the retrospective nature of our study, we believe this finding needs to be examined further, potentially from secondary analyses from previously published RCTs.
There has been a nationwide effort to decrease transfusion overuse in the perioperative setting. Goodnough et al 3 demonstrated that the implementation of a blood management program resulted in decreased blood utilization, decreased mortality, and unchanged readmission rates. Restrictive transfusion Hb triggers have been shown to be noninferior to liberal triggers even in the highest risk patients undergoing surgery. The Functional Outcomes in Cardiovascular Patients Undergoing Surgical Hip Fracture Repair (FOCUS) trial evaluated the impact of liberal (Hb threshold <10 g/dL) versus restrictive (Hb threshold <8 g/dL) transfusion strategies in patients with high cardiovascular risks undergoing surgery for hip fractures. 16 They concluded that using a liberal transfusion strategy did not reduce in-hospital morbidity or mortality rates. These findings are consistent with findings in high-risk patients undergoing cardiac surgery as well. The Transfusion Requirements in Cardiac Surgery (TRICS) III trial evaluated over 5000 patients comparing a restrictive versus liberal transfusion strategy for patients undergoing cardiac surgery. The study concluded that a restrictive strategy was noninferior to a liberal strategy, which is consistent with several other large RCTs in cardiac surgery. 9, 10, 14, 18, 19 Unfortunately, none of the aforementioned studies evaluate the effect of a lower discharge Hb-a direct result of a restrictive transfusion strategy-on the rate of 30-day readmissions.
Shehata et al 20 evaluated just over 2000 patients undergoing CABG and/or cardiac valve procedures and found that discharge Hb concentration was not associated with 30-day readmissions. Our findings were similar for both our younger and older patients. There are, however, some notable differences and similarities between our studies. First, we evaluated 2 groups of patients (discharge Hb ≥9.4 and <9.4 g/dL). Both studies further stratified patients into 4 anemia cohorts and found similar patterns of increased readmissions in the lowest Hb group-ours being borderline statistically significant and Shehata et al's 20 being just shy of statistical significance. Additionally, Shehata et al 20 included patients undergoing CABG/valve procedures while our study focused on patients undergoing only CABG to improve the homogeneity of our patient population. Our study also subdivided patients into age-specific cohorts. The longstanding belief that older patients do better when transfused to higher Hb levels was not supported by the TRICS III trial, where patients with ≥75 years of age had increased adverse outcomes with liberal transfusions. 9 Our findings were similar in that the older subgroup did not benefit from a higher discharge Hb.
Interestingly, Shehata et al 20 noted that the primary reason for readmission in their patient population was infection, while our primary reason was pleural effusions or signs and symptoms of volume overload, followed closely by infection. Despite these notable differences, our conclusions support the finding that a relatively lower discharge Hb level was not associated with a difference in the rate of 30-day readmission except for in the small number of patients discharged with Hb levels <8 g/dL. In addition, our study demonstrates a potential association with shorter LOS and lower rates of composite morbidity with lower discharge Hb levels. One possible explanation for this finding is that patients in the "high" cohort received more RBC units per patient compared to the "low" cohort, and RBC transfusions have been associated with increased hospitalacquired infections, thrombotic events, and LOS. [24] [25] [26] Our study also evaluates the importance of not only the Hb transfusion threshold (Hb "trigger" before the transfusion) but also the Hb at discharge (Hb "target" after the transfusion). Mazer et al 9 utilized intraoperative Hb triggers of <7.5 and <9.5 g/dL, but the target Hb levels were approximately 9 and 10 g/dL, respectively. Similarly, Hajjar et al 10 utilized postoperative Hb triggers for transfusion of <8 and <10 g/dL in the intensive care unit but the mean target Hb levels were 9.1 and 10.5 g/dL. In comparison, our study suggests an increased risk for readmissions when the target Hb level is too low (<8 g/dL). Therefore, a Hb trigger level of 8 g/dL for transfusions may be noninferior, whereas a Hb target level of <8 g/dL may actually be too restrictive and predispose to readmissions. Additionally, those discharged with a Hb level <8 g/dL were also readmitted earlier than those with higher discharge Hb levels.
Our study is limited in that it represents findings associated with a retrospective, observational design, which despite concerted attempts we recognize can never fully prevent some degree of confounding. There could be recognized or unrecognized differences in patient cohorts with higher or lower Hb levels during their hospitalizations. The "high" and "low" groups in our study, however, were very similar in terms of patient characteristics. Our evaluation of patients with discharge Hb levels <8 g/dL was limited by the fact that there are only a few patients who are discharged with Hb levels <8 g/dL. Our results are further limited by the exclusion of patients who died in the hospital and those with missing data. In addition, we do not account specifically for variation in surgical technique or surgical provider. Fortunately, there was minimal surgeon turnover during the time of the study. Importantly, we were unable to obtain the diagnosis associated with the 30-day readmission for 16 patients.
In conclusion, our study suggests that among patients who undergo CABG, a discharge Hb below the institutional mean is not associated with an increased 30-day readmission rate. However, a discharge Hb level <8 g/dL may be a risk factor for increased 30-day readmissions. Our study adds to the growing body of literature suggesting the noninferiority of a restrictive approach to RBC transfusion but also demonstrates the need for further studies to assess lower Hb levels as a risk factor for readmissions. E
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